To the Editor:

 {#ajh25221-sec-0001}

Despite being first reported more than 20 years ago,[1](#ajh25221-bib-0001){ref-type="ref"} engraftment syndrome (ES) remains a variably defined complication following hematopoietic progenitor cell transplant (HPCT).[2](#ajh25221-bib-0002){ref-type="ref"}, [3](#ajh25221-bib-0003){ref-type="ref"}, [4](#ajh25221-bib-0004){ref-type="ref"} ES is typically characterized by the occurrence of a new noninfectious fever that coincides with neutrophil engraftment. The fever may be associated with a skin rash, diarrhea, pulmonary infiltrates, or hepatic dysfunction. Although most cases of ES are self‐limiting, some can be prolonged and cause severe symptoms, necessitating the use of corticosteroids. The underlying pathophysiology associated with ES remains poorly understood. Based on the Lewis rat syngeneic and autologous HPCT model,[5](#ajh25221-bib-0005){ref-type="ref"} ES is generally believed to have arisen due to the interplay between pro‐inflammatory cytokines such as interleukin (IL)‐1, tumor necrosis factor (TNF)α, and interferon (IFN)γ associated with hematopoietic recovery in a setting with a deficiency of *T* ~reg~ cells.

Many studies have examined the factors predisposing patients to ES. Despite ES being associated with significant transplant‐related morbidities, there has been a paucity of study examining its impact on health resource utilization. Here, we set out to determine, in a retrospective study, how ES following autologous HPCT affects the post‐transplant length‐of‐stay (PT‐LOS) in the hospital, use of intravenous antimicrobials, additional radiologic examination, and financial costs to the transplant. Patient demographics, clinical data, diagnosis, and treatment history were collected from their electronic medical records. Costs of care during transplant were obtained from the accounts department of the medical center. This study was approved by the Institutional Review Board at New York Medical College/Westchester Medical Center.

All transplants were carried out on an inpatient basis in high efficiency particulate air filtered single rooms using autologous peripheral blood stem cells. Autologous peripheral blood stem cells were mobilized using G‐CSF (10 μg/kg/day) ± plerixafor (0.24 mg/kg) ± chemotherapy. All patients received GM‐CSF (500 μg/day) starting Day +1 and prophylactic ciprofloxacin, fluconazole, and acyclovir when their absolute neutrophil counts dropped to less than 500/mm^3^. Weekly surveillance Cytomegalovirus detection by PCR was performed in all patients (detection threshold \<137 IU/mL or \< 2.14 Log10 IU/mL).

We defined fever as an oral temperature of 100.5°F or above. Fever that occurred from Day +1 to Day +8 was considered early‐onset fever, and new fever that occurred from Day +9 to day of discharge was considered late‐onset fever. Neutrophil engraftment was defined as the attainment of an absolute neutrophil count of 500/mm^3^ or more for three consecutive days.

Seventy‐five consecutive patients who underwent peripheral blood HPCT for hematologic malignancies between April 2014 and December 2017 were identified. There were 46 males and 39 females. Their median age was 59 years (range: 24‐72). Most common diagnosis was multiple myeloma (53, 71%), followed by non‐Hodgkin\'s lymphoma (17, 22%), and Hodgkin\'s disease (5, 7%). Forty‐six (61%) patients received a bortezomib‐containing regimen prior to transplant. Preparative regimens used for HPCT were: Melphalan 200 mg/m^2^ (53, 71%), Rituxan (375 mg/m^2^ on Day 1)/BCNU (300 mg/m^2^ on Day 1)/Etoposide (400 mg/m^2^/day on Days 2‐5)/ARA‐C (400 mg/m^2^/day on Days 2‐5) and melphalan (140 mg/m^2^ on Day 6) (R‐BEAM) (12, 16%), and BEAM (10, 13%). The patients were divided into three groups according to the occurrence of fever: Group 1---No post‐transplant fever; Group 2---Early‐onset fever; Group 3---Late‐onset fever. No statistical differences were found among these three groups in age, sex distribution, dose of CD34+ cells infused, underlying diagnosis, prior use of bortezomib, transplant preparative regimen, and dose of GM‐CSF per kg body weight. All patients with early‐onset fever did not show any evidence of neutrophil engraftment within 72 h of developing fever.

Fourteen (19%) patients did not develop any fever during the peri‐transplant period. Sixty‐one patients developed a post‐transplant fever: 19 (25%) patients developed early‐onset fever and 42 (56%) late‐onset fever; 11 microbial organisms were isolated from 11 of these 61 patients with fever. Toxigenic *C. difficile* was the commonest (*n* = 3), followed by vancomycin‐resistant enterococci (*n* = 2), cytomegalovirus (*n* = 2, viremia), Coronavirus (*n* = 1), *S. epidermidis* (*n* = 1), *Staph. aureus* (*n* = 1), and *Corynebacterium jeikeium* (*n* = 1). It is likely the *S. epidermidis* was from contamination. All bacterial isolates were obtained from blood cultures, except for toxigenic *C. difficile* that was detected by PCR on diarrheal stool. There was no difference in the likelihood of a positive microbial isolate between the two groups of patients with fever; two from the group of 19 patients with early‐onset fever and 11 from 42 patients with late‐onset fever (*P* = 0.31).

Patients who developed fever had a significantly longer PT‐LOS (HR 2.59; 95% CI 1.1‐7.6) (*P* \< .001) when compared with those who did not develop any post‐transplant fever (Figure [1](#ajh25221-fig-0001){ref-type="fig"}A). The median PT‐LOS was 13 days (range 12‐16; 95% CI 13‐14) in the group without fever but 15 days (range 12‐38; 95% CI 15‐17) in the group with fever (*P* = 0.01). The third quartile PT‐LOS in the group without fever was 14 days and with fever 20 days (*P* = 0.004). The difference in the PT‐LOS between the two groups was predominantly due to the increased PT‐LOS in those with late‐onset fever (Figure [1](#ajh25221-fig-0001){ref-type="fig"}B). There was no statistical difference in the PT‐LOS between the group without fever and the group with early‐onset fever. However, the median PT‐LOS for late‐onset fever was significantly longer when compared with those without fever (17 days vs. 13 days; HR 3.3; 95% CI 1.3‐8.7; *P* = 0.002) and those with early onset fever (17 vs. 14; HR 1.7; 95% CI 0.9‐3; *P* = 0.048).
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We next determined the impact of ES on PT‐LOS. We first used the following criteria for ES: The occurrence of a new fever, not associated with any microbial isolate or infection, that occurred 72 hours before or after neutrophil engraftment, and associated with a skin rash, pulmonary infiltrates, diarrhea, or new abnormal liver function tests. Twenty (27%) cases of ES occurred in this cohort of patients. However, when we included the eight patients with noninfectious fever whose fever was probably due to ES even though the fever was not associated with any rash, diarrhea, pulmonary infiltrate, or abnormal liver function tests, the incidence of ES went up to 37%. By far, ES was the commonest cause for new fever that occurred after Day +8, being responsible for 67% of all late‐onset fevers. ES resulted in significantly longer PT‐LOS when compared with those without fever (*P* = 0.0001; HR 2.9; 95% CI 1.1‐7.2; Figure [1](#ajh25221-fig-0001){ref-type="fig"}C). The median PT‐LOS in patients with ES was 16 days (95% CI 15‐20), when compared with 13 days (95% CI 13‐14) in those without fever (*P* = 0.004).

Finally, we examined the impact of ES on intravenous antimicrobial usage, additional radiologic examinations, and financial costs to the transplant. We used the PT‐LOS incurred by the group of patients without fever as the point of reference for cutoff and determined the resource utilization above the cutoff that was incurred by patients who developed ES. In addition to longer PT‐LOS, ES led to an increase of 202 intravenous antimicrobial days (averaging 7.2 days/ES patient). Furthermore, 47 additional chest X‐ray examinations (averaging 1.7/ES patient), and three computer‐assisted tomographic scans of chest, abdomen, and pelvis were carried out among the 28 patients who developed ES. The total expenditure incurred by ES in 27 of these 28 patients for whom billing records were available was \$1 980 402 (averaging \$9825/patient with ES/day).

In conclusion, ES occurs frequently after autologous HPCT. ES not only increases transplant‐related morbidities but also resource utilization. Identification of biomarkers that can be used to help diagnose ES is highly desirable so that these patients do not have to undergo unnecessary investigations and additional antimicrobial therapy that consequently result in longer PT‐LOS and higher transplant costs. Elevation of C‐reactive protein (CRP) has been found to be associated with ES.[6](#ajh25221-bib-0006){ref-type="ref"} However, CRP is highly nonspecific and is also elevated in sepsis, the very complication that requires aggressive antimicrobial therapy in this group of immunocompromised patients. Serum procalcitonin is a robust biomarker for sepsis. Future studies may examine the combination of CRP and procalcitonin in the diagnosis of ES and exclusion of sepsis, so patients with a low procalcitonin that accompanies an elevated CRP be confidently diagnosed ES and be spared the additional investigations and prolonged courses of intravenous antimicrobial therapy for the symptoms associated with ES.
